Abstract-A new improved design of a RFID passive tag antenna is presented for patient identification that is operable in the full UHF RFID (860-960 MHz) band. The antenna is based on a low profile printed solution and can be placed near the human body without sacrificing reading range. Extensive numerical simulations were performed and demonstrate that the new proposed configuration improves in relation to previous known solutions for near-body or other problematic surfaces.
INTRODUCTION
Radio frequency identification (RFID) is a wireless automatic identification and data capture technology through radio waves. It has emerged as a new class of information technology and is nowadays one of the most popular methods for asset identification of people and objects. Identifiers or tags are attached to the objects or persons that must be identified. Those tags can be either active (with a battery) or passive (retrieving energy from the wake up signal). Common RFID technology bands range from HF up to microwaves [1] . However, UHF RFID passive tags actually present the lowest cost and cover a wider range of applications [2] . The UHF RFID frequency band of operation extends from 860 MHz to 960 MHZ divided into three world regions: EU (865-868 MHz), US (902-928 MHz) and Japan (950-956 MHZ) (most of the other countries and continents are also included in these three bands) [3] .
RFID tags have a univocal identification code and can save other type of information which can be re-written, making this technology appropriate for applications like patient identification, localization, monitoring and drug delivery units tracking in hospitals [4] . Other applications are possible, such as, inventory management in warehouses, supermarkets, and shops or suitcase security and tracking in airport luggage operations [5] .
The operation of an RFID tag can be strongly impaired by the presence of the object where it is attached to. Examples of problematic surfaces are metals, liquids or the human body. Different approaches are commonly used to deal with this difficulty. For instance a commercial solution is found in [6] for livestock monitoring to be attached to the target animal's ear. It uses HF RFID technology, which is less sensitive to the body presence. But inherently to the induction coupling principle of operation at these frequencies, it presents low read ranges [7] . Another alternative for near-body RFID is to use active tags. In [8] a commercial active wristband 2.54 GHz RFID tag is presented for personnel localization with 100 meters read range and more than four years of battery life. However, active tags are significantly more expensive than the passive alternatives, namely UHF passive tags.
The challenge for UHF RFID passive tags is to design a low profile antenna that minimizes the influence of the body or near-by objects without sacrificing read range and World band operability. In [9] a good example is presented of a PIFAbased RFID tag antenna which is immune to the platform; but its operation bandwidth is very narrow. In [10] a low profile conformal and low-cost passive UHF RFID tag antenna with omnidirectional pattern is presented, to be mounted on a water bottle. However the antenna is co-designed with the bottle, meaning that the antenna impedance and radiation characteristics are tied to the specific bottle and content, and is not expected to work correctly with other objects or in freespace.
In [11] and [12] a novel UHF RFID passive tag configuration is reported for applications like human monitoring and metallic cylinder tracking. However this solution is narrowband; it is tuned for the US UHF RFID band. This configuration is modified in the present paper to extend the operation to the 3 world regions UHF RFID bands, while simultaneously complying with the requirement to be passive, planar with low profile, low-cost, high reading range and immune to the close vicinity of the human body, thus advancing with respect to solutions like [9] - [12] .
In Section II the narrow-band antenna design presented in [12] is re-adjusted to operate with a different substrate and to operate in the European UHF RFID band to be compatible with the RFID reader that is available in the Lab. The objective is to use this antenna as a reference for comparison with the proposed improved design. The reference antenna is onwards referred as BTA 1 (Body Tag Antenna). In the This work was partially supported by the Fundação para a Ciência e Tecnologia through the project RFIDLocal PTDC/EEA-TEL/102390/2008.
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In Section III, based on knowledge acquired with BTA 1, the design and simulations of a second improved antenna (BTA 2) are described, which works in the entire UHF RFID band, from 860 MHz to 960 MHZ.
II.
PRELIMINARY STUDY -BTA 1 BTA 1 schematic is presented in Fig. 1 . It consists of twoquarter patches shorted to ground at the longitudinal edges (by two shorting plates SP1 and SP2). Instead of the FR4 plus foam substrate from [12] , 1.575 mm thick Rogers RT5880 (ε r = 2.2) is used as the substrate in order to improve the tag antenna efficiency and increase its endurance. The change of dielectric substrate permittivity has direct impact on the impedance when comparing to the original model. Consequently, the parameters (length, width and gap width) need to be readjusted to tune the tag's performance to the new band of interest (865-868 MHz). Small pads are included in the model representing the tag's microchip solder points. For human body simulation model, a stratified 4-layer parallelepiped was used as shown in Fig. 2 [13] .
The values of dielectric constant and conductivity for the human torso model are chosen at 870MHz [13] and are present in Table 1 . The option for a parallelepiped instead of the elliptical cylinder was only due to issues of simulation speed as both showed the same results. The antenna is positioned 2mm away from the human as if it was attached to the patient's clothes. Tag's read range is related to the square root of power transmission between the antenna and the microchip. The power reflection coefficient (ρ) is related with the power transmission and is given by [14] :
Where is the power transmission coefficient and = + and = + are the complex antenna and microchip input impedances, respectively. To deliver the maximum power to the microchip (i.e., = 0 or = 1) the antenna impedance has to be conjugate matched to the microchip impedance. The present design is optimized to work in the EU band (865-868 MHz) with the commercially available chip -Alien ALN-9640 Squiggle RFID Tags, Higgs TM -2 EPC Class Gen 2 chip [15] . The chip impedance is = 15 − 153 @ 865 MHz. The final dimensions of the patches and the ground are 50 mm x 30 mm and 102 mm x 40 mm, respectively. The gap has a 2 mm width. The structure resonates in a large loop-patch hybrid mode due to the complex interaction of the currents and fields.
Simulation results for the BTA 1 antenna's impedance and power reflection coefficient obtained with CST's Transient Solver are presented from Fig. 3 to Fig. 5 with the tag in free space and near the body.
The simulated antenna satisfies the half power bandwidth criteria (-3dB) [16] in the band of operation (865-868 MHZ) both in air and when attached to the body. The results clearly demonstrate that the half power bandwidth criterion is not satisfied for the entire RFID UHF band (860-960 MHz). Therefore, there is clearly the need of a new tag antenna design that is able to work through the whole UHF RFID band. (1) III. IMPROVED ANTENNA -BTA 2
With the knowledge acquired in the re-design of BTA 1, a second and improved antenna (BTA 2) is then designed to operate through the whole UHF RFID (860-960 MHz) band, which makes the antenna commercially more appealing.
BTA 2 retains the two-quarter patches shorted to ground at the longitudinal edges (by two shorting plates, SP1 and SP2), however, an internal loop is introduced as shown in Fig. 6 . The internal loop is accomplished through the addition of 1 mm-width slots in the metallic patch, thereby forcing currents to circulate around the microchip. Simulation results obtained with CST's Transient Solver are presented from Fig. 7 to Fig. 9 for the tag in free space and near the body.
BTA 2 impedance results ( Fig. 7 and Fig. 8 ) show different behavior from the ones presented in Fig. 3 and Fig. 4 for BTA 1. The curves no longer present an abrupt change inside the frequency band of interest and the impedance values are near the microchip's conjugate impedance.
Consequently, the power reflection coefficient satisfies the half power bandwidth criteria for the entire UHF RFID band from 860 MHz to 960 MHz, both in free space and when attached to a human-body model, fulfilling the main proposed objective. 
IV. CONCLUSION
A simple, passive, low profile and low-cost RFID tag antenna operable in near-body surfaces (BTA 2) that extends the operation band of existing solutions (to comply with more world region standards) was successfully designed and simulated. The antenna is now ready for the fabrication and experimental characterization including RFID read range tests for the antenna attached to different surfaces will be presented at the conference. 
